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Plasma display panel comprising a terbium(III)-activated fluorescent substance 



The invention relates to a plasma display panel equipped with a front plate 
which has a glass plate on which a dielectric layer and a protective layer are deposited, with a 
carrier plate covered by a segmented fluorescent layer which contains red-emitting color 
segments of a red-emitting fluorescent substance, blue-emitting color segments of a blue- 
5 emitting fluorescent substance and green-emitting color segments of a green-emitting Tb 3+ - 
activated fluorescent substance, has a rib structure which divides the space between front 
plate and carrier plate into plasma cells which are gas-filled, with one or more electrode 
arrays on the front plate and the carrier plate for generating silent electrical discharges in the 
plasma cells. 

10 Plasma display panels make high-resolution color pictures possible, large 

display panel diagonals and are of compact structure. A plasma display panel has a 
hermetically sealed glass cell which is gas-filled, with grid-like arranged electrodes. By 
applying an electric voltage, a gas discharge is caused which generates light in the ultraviolet 
range (145 to 185 nm). This light can be transformed to visible light by fluorescent 

1 5 substances and be emitted to the viewer through the front plate of the glass cell. 

For plasma display panels are used fluorescent substances which are highly 
efficient under vacuum-UV excitation. Frequently used green-emitting fluorescent substances 
are, for example, Z^SiO^Mn (ZSM) or BaAl 12 0i9:Mn (BAL). The two materials show a 
saturated green emission color with a high y value of y > 0.7. A disadvantage of the two 

20 materials is a relatively long decay time ti/10, which is about 30 ms for Zn2Si04 with 2.5% 
Mn. This is caused by the fact that the spin of the transition 4 Ti -> 6 Ai, which is relevant for 
the emission of the light, is forbidden. In addition, the decay time t\no and the color point of 
an Mn 2+ -activated fluorescent substance strongly depend on the concentration of Mn 2+ . A 
further disadvantage is the sensitivity of Mn 2+ as against an oxidation to Mn 3+ or Mn 4+ , which 

25 reduces the stability of the fluorescent substance. 

Contrary to this, Tb 3+ -activated fluorescent substances are stable as regards 
temperature and picture, because Tb 3+ is hard to be oxidized to Tb 4+ . A further advantage of 
this fluorescent substance as against Mn 2+ -activated fluorescent substances is their shorter 
decay time ti/io, which amounts to 2 to 10 ms depending on the host lattice. 

CONFIRMATION COPY 
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Therefore, US 6,004,481 describes a green-emitting Tb 3+ -activated fluorescent 
substance for applications in plasma display panels, which has the composition (Yi- x -y- 
2 Gd x TbyCe z )B03, where 0.0 < x < 0.2, 0.01 < y < 0. 1 and 0.0 < z < 0. 1 . 

A large disadvantage of Tb 3+ -activated fluorescent substance is its yellow- 
5 green color point, which has a low y value of y < 0.62. 

It is an object of the invention to provide a plasma display panel with a Tb 3+ - 
activated fluorescent substance whose green sub-pixels produce light with an improved color 
dot. 

The object is achieved by a plasma display panel equipped with a front plate 

10 which has a glass plate on which a dielectric layer and a protective layer are deposited, with a 
carrier plate covered by a segmented fluorescent layer which contains red-emitting color 
segments of a red-emitting fluorescent substance, blue-emitting color segments of a blue- 
emitting fluorescent substance and green-emitting color segments of a green-emitting Tb 3+ - 
activated fluorescent substance, has a rib structure which divides the space between front 

15 plate and carrier plate into plasma cells which are gas-filled, with one or more electrode 

arrays on the front plate and the carrier plate for generating silent electrical discharges in the 
plasma cells, and has a green color filter layer between a green-emitting color segment of the 
fluorescent layer and the carrier plate. 

Besides a strong light emission with a wavelength between 540 and 550 nm, 

20 Tb 3+ -activated fluorescent substances also have, although clearly weaker, emission bands in 
the yellow and red spectral area. The intensity of these emission bands can be reduced by a 
green color filter layer and thus the y values of the color points of the Tb 3+ -activated 
fluorescent substance can be increased. 

The advantageously selected materials for a green color filter layer as claimed 

25 in claim 2 and claim 3 have a high transmission between 530 and 550 nm. 

The advantageously selected Tb 3+ -activated fluorescent substances as claimed 
in claim 4 are highly efficient green-emitting fluorescent substances when excited with VUV 
light. 

These and other aspects of the invention are apparent from and will be 
30 elucidated with reference to the embodiments described hereinafter. 



In the drawings: 
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Fig. 1 shows the structure and the function principle of a single plasma cell in 
an AC plasma display panel with a green-emitting color segment of the fluorescent layer and 
a green color filter layer. 

5 

As shown in Fig. 1 a plasma cell of an AC plasma display panel with a co- 
planar arrangement of electrodes has a front plate 1 and a carrier plate 2. The front plate 1 has 
a transparent plate 3, for example made of glass on which are deposited a dielectric layer 4 
which preferably contains low-melting glass and on top of it a protective layer 5 which 

10 preferably contains MgO. Parallel striped discharge electrodes 6, 7 which are covered by the 
dielectric layer 4 are deposited on the transparent plate 3. The discharge electrodes 6, 7 are 
made for example of metal, ITO or a combination of a metal and ITO. The discharge 
electrodes 6, 7 preferably each comprise a strip of ITO on which a narrower layer of Al or Ag 
is deposited as a bus electrode. The carrier plate 2 is preferably made of glass and on the 

15 carrier plate 2 are deposited parallel strip-like address electrodes 10 of, for example, Ag 
which run perpendicularly to the discharge electrodes 6, 7. These address electrodes 10 are 
covered by a fluorescent layer 9 which emits light 13 into one of the three basic colors red, 
green or blue. For this purpose the fluorescent layer 9 is subdivided into a plurality of color 
segments. A rib structure 12 with separating ribs of preferably dielectric material forms 

20 individually drivable plasma cells in which silent electric discharges occur. 

There is a gas in the plasma cell and also between the discharge electrodes 6, 7 
of which one alternately works as a cathode or an anode respectively. The gas may be, for 
example, a rare gas, a mixture of rare gases with Xe as an UV light-emitting component, 
nitrogen or a mixture of nitrogen and at least one rare gas such as, for example, He, Ne, Kr or 

25 Xe. After igniting the surface discharge as a result of which charges can flow along a 

discharge path between the discharge electrodes 6, 7 in the plasma area 8, a plasma is formed 
in the plasma area 8 by which plasma radiation 1 1 is generated in the UV range mostly in the 
VUV range depending on the composition of the gas. The radiation 1 1 excites the fluorescent 
layer 9 to radiate, which layer emits visible light 13 which comes out through the front plate 

30 1 and thus represents a lighting dot on the display panel. The fluorescent layer 9 is 

subdivided into a plurality of color segments. Customarily the red, green or blue-emitting 
color segments of the fluorescent layer 9 are deposited in the form of perpendicular triple 
lines. A plasma cell with a color segment forms a so-called sub-pixel. Three adjacent plasma 
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cells having each a red, green or blue-emitting color segment together form a pixel, or also 
called picture element. 

Between the back of the fluorescent layer 9 of a green-emitting color segment 
and the carrier plate 2 there is a green color filter layer 14. In the embodiment shown in Fig. 
5 1 the green color filter layer 14 extends to the side walls of the plasma cells between the 
fluorescent layer 9 of a green-emitting fluorescent substance and the rib structure 12. 
However, it is not necessary for the green color filter layer 14 to cover the whole back wall or 
all the side walls of the plasma cells. It is sufficient if the back wall and/or the side walls are 
covered at least partly. 

10 Suitable materials for a green color filter layer 14 have a high transmission 

between 530 and 550 nm and absorb at 490, 590 and 620 nm. Eminently suitable are Pr 3+ - 
containing materials such as PrP0 4 , [Pr(P0 3 ) 3 ] n , PrF 3 , PrOCl, PrOF, PrOBr, Pr 3 Al 5 0i 2 , 
PrB0 3 , Pr 2 Si0 5 , Pr 2 Si 2 0 7 or PrB 3 0 6 , because Pr 3+ strongly absorbs at 490 nm and 590 nm. 
Particularly PrPC>4 and [Pr(P0 3 ) 3 ] n are suitable for use in a green color filter layer 14. 

15 The green color filter layer 14 can simultaneously work as a reflector for green 

light that was not emitted in the direction of the front plate 1 . 

As manufacturing methods for such a green color filter layer 14 may be used 
both dry coating methods, for example, electrostatic separation or electrostatic supported dry 
spraying and wet coating methods, for example, screen printing, dispersion methods in which 

20 a suspension is introduced with a nozzle moving along the channels, or sedimentation from 
the liquid phase. The same methods are suitable for manufacturing the fluorescent layer 9. 

A Tb 3+ -activated fluorescent substance such as, for example, (Y x Gd|. x - 
y )B0 3 :Tb y (0 < x < 1, 0 < y < 1), LaP0 4 :Tb, (Y x Gd,_ x _ y ) 3 Al 5 0| 2 :Tb y (0 < x < 1, 0 < y < 1), 
CeMgAl n Oi 9 :Tb, GdMgB 5 O, 0 :Ce,Tb, (Y x Gdi. x _ y ) 2 Si0 5 :Tb y (0 < x < 1, 0 < y < 1), 

25 (In x Gd,. x . y )B0 3 :Tb y (0<x<l,0<y<l), (Y,. x . y Gd x ) 2 0 2 S:Tb y (0 < x < 1 , 0 < y < 1), 

LaOBnTb, LaOCl:Tb or LaP04:Ce,Tb is used as a green-emitting fluorescent substance in 
the fluorescent layer 9. The concentration of Tb 3+ in the fluorescent substances is situated 
preferably between 2 and 20 mol°/o. Preferably (Y 0 .7Gdo. 2 )B0 3 :Tbo.i is used as a Tb 3+ - 
activated fluorescent substance. 

30 For example (Y x Gd Ux )B0 3 :Eu (0 < x < 1), Y(V x Pi. x )0 4 :Eu (0 < x < 1) or 

Y 2 0 3 :Eu may be used as a red-emitting fluorescent substance. Preferably BaMgAlioOniEu is 
used as a blue-emitting fluorescent substance. 

It may be advantageous for a red color filter layer to be located between the 
color segments of the fluorescent layer 9 of a red-emitting fluorescent substance and the 
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carrier plate 2 and/or a blue color filter layer between the color segments of the fluorescent 
layer 9 of a blue-emitting fluorescent substance. For example, Fe 2 C>3, TaON or CdS-CdSe 
may be used as pigments for a red color filter layer and, for example, C00-AI2O3 as pigments 
for a blue color filter layer or ultramarine. The manufacturing of these color filter layers takes 
place in accordance with a method described for the manufacture of the green color filter 
layer 14. 

Basically, a green color filter layer 14 may be used in all types of plasma 
display panels such as, for example, in AC plasma display panels with or without a matrix 
arrangement of the electrode arrays or DC plasma display panels. 



Example of embodiment 1 

On a carrier plate 2 with a rib structure 12, a green color filter layer 14 of 
PrPC>4 was deposited in the plasma cells in which later on there would be a green-emitting 
color segment of the fluorescent layer 9. Subsequently, (Yo.7Gdo.2)B03:Tbo.i was deposited as 

15 a green-emitting fluorescent substance on the green color filter layer 14 by means of screen 
printing. Then the red and blue-emitting color segments were established with Y2C>3:Eu or 
BaMgAl]oOn:Eu, respectively, as fluorescent substances. The carrier plate 2 was used 
together with a front plate 1 and a gas mixture with xenon as a component generating UV 
light to build a plasma display panel with an improved color dot for the green pixels. 

20 The color point (x,y) of the green sub-pixel in such a plasma display panel was 

x = 0.323, y = 0.626. By comparison, the color point (x,y) of the green sub-pixels of a 
comparable plasma display panel without a PrP04 X green color filter layer was 14 x = 0.331, 
y = 0.584. 

25 Example of embodiment 2 

A plasma display panel similar to the example of embodiment 1 described was 
made with only y2SiOs:5%Tb being used as a green-emitting fluorescent substance. 

The color dot (x,y) of the green sub-pixels in such a plasma display panel was 
x = 0.315, y = 0.638. By comparison the color dot (x,y) of the green sub-pixels of a 
30 comparable plasma display panel without a PrPC>4 green color filter layer 14 was x = 0.335, y 
= 0.615. 
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1 . A plasma display panel equipped with a front plate (1) which has a glass plate 
(3) on which a dielectric layer (4) and a protective layer (5) are deposited, with a carrier plate 
(2) covered by a segmented fluorescent layer (9) which contains red-emitting color segments 
of a red-emitting fluorescent substance, blue-emitting color segments of a blue-emitting 
fluorescent substance and green-emitting color segments of a green-emitting Tb 3+ -activated 
fluorescent substance, has a rib structure (12) which divides the space between front plate (1) 
and carrier plate (2) into plasma cells which are gas-filled, with one or more electrode arrays 
(6, 7, 10) on the front plate (1) and the carrier plate (2) for generating silent electrical 
discharges in the plasma cells and has a green color filter layer (14) between the fluorescent 
layer (9) of a green-emitting color segment and the carrier plate (2). 

2. A plasma display panel as claimed in claim 1, characterized in that the green 
color filter layer (14) contains Pr^-containing materials. 

3. A plasma display panel as claimed in claim 2, characterized in that Pr 3+ - 
containing materials are selected from the group PrP0 4> [Pr(P0 3 ) 3 ] n , PrF 3 , PrOCl, PrOF, 
PrOBr, Pr 3 Al 5 Oi2, PrB0 3 , Pr 2 Si0 5 , Pr 2 Si 2 0 7 and PrB 3 0 6 . 

4. A plasma display panel as claimed in claim 1, characterized in that the green 
Tb 3+ -activated fluorescent substance is selected from the group (Y x Gd|> x . y )B0 3 :Tb y 

(0 < x < 1, 0 < y < 1), LaP0 4 :Tb, (Y x Gd,. x . y ) 3 Al 5 Oi 2 :Tb y (0<x<l,0<y<l), 
CeMgAl|,Oi 9 :Tb, GdMgB 5 O, 0 :Ce,Tb, (Y x Gd,. x . y ) 2 Si0 5 :Tb y (0 < x < 1, 0 < y < 1), (In x Gdi- x . 
y )B0 3 :Tb y (0 < x < 1, 0 < y < 1), (Y|. x . y Gd x ) 2 0 2 S:Tb y (0 < x < 1, 0 < y < 1), LaOBnTb, 
LaOChTb and LaPQ 4 :Ce,Tb. 



WO 03/090246 

\ 



PCT/IB03/01285 



1/1 




FIG.1 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 




IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllllllllll 



(43) International Publication Date (10) International Publication Number 

30 October 2003 (30.10.2003) PCT WO 2003/090246 A3 



(51) International Patent Classification 7 : 

G02B 5/20, C09K 11/77 

(21) International Application Number: 



H01 J 17/49, 



(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 



PCT/IB2003/001285 
9 April 2003 (09.04.2003) 
English 
English 



(30) Priority Data: 

102 17 552.7 



19 April 2002 (19.04.2002) DE 



(71) Applicant (for DE only): PHILIPS INTELLECTUAL 
PROPERTY & STANDARDS GMBH [DE/DE]; Stein- 
damm 94, 20099 Hamburg (DE). 

(71) Applicant (for all designated States except DE, US): 
KONINKLUKE PHILIPS ELECTRONICS N.V. 
[NL/NL]; Groenewoudseweg 1, NL-5621 BA Eindhoven 
(NL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JUESTEL, Thomas 



[DE/DE]; c/o Philips Intellectual Property & Standards 
GmbH, Weisshausstr. 2, 52066 Aachen (DE). MAYR, 
Walter [DE/DE]; c/o Philips Intellectual Property & 
Standards GmbH, Weisshausstr. 2, 52066 Aachen (DE). 

(74) Agent: MEYER, Michael; Philips Intellectual Property & 
Standards GmbH, Weisshausstr. 2, 52066 Aachen (DE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, 
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

[ Continued on next page J 



(54) Title: PLASMA DISPLAY PANEL COMPRISING A TERBIUM(lII)-ACTiVATED FLUORESCENT SUBSTANCE 



3 

ON 




(57) Abstract: The invention relates to plasma display panels with a segmented fluorescent layer (9), in which green color filter 
layers (14) of Pr3+-containing materials of green-emitting color segments are deposited between the fluorescent layer (9) and the 
carrier plate (2), which improve the color dot of the green light which is emitted by the Tb3+-activated fluorescent substance. 



WO 2003/090246 A3 IIIIIIIIIIH 



Published: 

— with international search report 

(88) Date of publication of the international search report: 

19 August 2004 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNATIONAL SEARCH REPORT 



Int nal Application No 

PCT/IB 03/01285 



A. CLASSIFICATION OF SUBJECT MATTER . 

IPC 7 HOI J 17/49 G02B5/20 C09KU/77 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01J G02B C09K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

PAJ, EPO-Internal , WPI Data, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 
vol. 013, no. 197 (P-868), 
11 May 1989 (1989-05-11) 
& JP 01 018820 A (TOSHIBA CORP), 
23 January 1989 (1989-01-23) 
abstract; figure 1 
paragraph '0035! 

EP 1 156 507 A (PHILIPS CORP INTELLECTUAL 
PTY ;K0NINKL PHILIPS ELECTRONICS NV (NL)) 
21 November 2001 (2001-11-21) 
abstract; figure 1 

paragraphs '0003!., '0004! , '0035! ; claim 5 

-/- 



1-4 



1-4 



Further documents are listed in the continuation of box C. 



m 



Patent family members are listed In annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E* earlier document but published on or after the international 
tiling date 

*L' document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

a O a document referring to an oral disclosure, use, exhibition or 
other means 

■P - document published prior to the International filing date but 
later than the priority date claimed 



■T later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•&• document member of the same patent family 



Date of the actual completion of the international search 



19 May 2004 



Date of mailing of the international search report 



04/06/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Tano, V 



Form PCT/ISA/210 (second sheet) (January 2004) 



nano 1 n-F 9 



INTERNATIONAL SEARCH REPORT 



Inl >nal Application No 

PCT/IB 03/01285 



C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 013, no. 173 (E-748), 

24 April 1989 (1989-04-24) 

& OP 01 003946 A (TOSHIBA CORP), 

9 January 1989 (1989-01-09) 

abstract; figure 1 

EP 0 783 115 A (KUREHA CHEMICAL IND CO 
LTD) 9 July 1997 (1997-07-09) 
page 2, line 1 - line 21 
page 3, line 28 - line 44 

GB 1 052 394 A (RAULAND CORPORATION) 
21 December 1966 (1966-12-21) 
page 3, right-hand column, line 130 -page 
4, left-hand column, line 11 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



imormation on patent family members 



trite ma! Application No 

PCT/IB 03/01285 



patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



1 D 
JP 


QlUloo^U 


A 

A 


c6-\i 1-1989 


ID 

JP 


Z54//0O DC 


^o— iu— xyyo 










in 

Jr 


03Z334ZU A 


9Q-OQ-1 QQQ 

^y— uy— lyoo 










1 D 

JP 


100714Z A 


i l— ui— lyoy 










JP 


1 A1 0001 A 

lOlooZl A 


Zo— ui— iyoy 










1 D 
JP 


100/141 A 


1 1 — HI —.1 QQQ 

l 1— ui— iyoy 










ID 
JP 


1 AA71 £0 A 

100/loZ A 


1 1 —fil —1 QQQ 

i l— ui— iy©y 










JP 


1007163 A 


11-01-1989 










JP 


1007164 A 


11-01-1989 










ID 

JP 


luzozzy A 


97— HI —1 QQQ 

z/— ui-iyoy 










ID 
JP 


i ni 001 c a 
lOloolb A 


9*3— HI —1 QQQ 

zo— ui— iyoy 










ID 
JP 


i nr\7i qq a 
lUU/loo A 


1 1 —HI —1 QQQ 

i i— ui— iy©y 










JP 


DO 

Zo4bulb bZ 


OC-ftQ—l QQ7 

zo-uo-iyy/ 










JP 


1026230 A 


27-01-1989 










JP 


2656255 B2 


24-09-1997 


EP 


1156507 


A 


21-11-2001 


DE 


10024836 Al 


22-11-2001 










LIM 


1 OOC1 OC A 

lj£bl£b A 


Ub— £(JU1 










tr 


llOObU/ A£ 


dl~ 11— cUVL 










JP 


2002033055 A 


31-01-2002 










US 


2002041156 Al 


11-04-2002 


JP 


01003946 


A 


09-01-1989 


NONE 






EP 


0783115 


A 


09-07-1997 


EP 


0783115 A2 


09-07-1997 










JP 


9188796 A 


22-07-1997 










US 


5759448 A 


02-06-1998 


GB 


1052394 


A 




NONE 
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